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from the front electrode is a convergent-divergent
nozzle. Air flowing subsonically through the constric-
tor passage assumes a relatively high constant pressure
therein, and this high pressure demands a greater dif-
ference in electrical potential between the two elec-
trodes to maintain an arc in the passage. This arc ele-
vates the energy of the gas in the constrictor passage
to extremely high values. The interelectrode segments
are separated by dielectric discs. Adjacent ends of the
tubular inserts overlap, yet are separated by air spaces
through which secondary air is introduced tangentially
to prevent arc-over between segments and to maintain
the swirl through the constrictor passage. The swirling
air envelopes the arc and confines it to the center of
the constrictor passage. The overlap of the insert ends
further shields the dielectric discs from arc radiation
in the constrictor passage.

9 Claims, 6 Drawing Figures
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CONTROLLED ARC GAS HEATER
The Government has rights in this invention pursuant
to Contract Number F33615-73-C-3076 awarded by
the Department of the Air Force.

BACKGROUND OF THE INVENTION

This invention relates in general to electric arc gas
heaters and more particularly to an electric arc gas
heater in which the arc is maintained at a substantially
fixed length in a region of high pressure to effect a high
voltage gradient throughout the length of the arc and
thereby transfer maximum energy to the gas stream.

One of the more practical procedures for testing the
durability of materials and configurations at high tem-
peratures and velocities, is to place the material or
configuration, or at least a scale model of the configu-
ration, in a high velocity-high temperature airstream
created by an electric arc gas heater. Basically, such
heaters maintain an arc in the air reservoir so that the
high energy of the arc is transmitted to the air in the
reservoir and elevates the temperature thereof. The
heated air is then discharged through a nozzle against
the object or configuration well beyond the down-
stream terminus of the arc.

In some arc heaters, the arc is generally fixed in
length, and in these heaters the upstream terminus of
the arc is normally a button-like electrode. While fixed
length arc heaters deliver energy uniformly to the air-
stream, the button-like electrode erodes rapidly and
hence these heaters are not very durable.

In other arc heaters, the arc is maintained between
the interior surfaccs of two axially aligned tubular elec-
trodes and as a result the arc is of “‘natural length.” In
natural length arc heaters the length of the arc continu-
ally varies and likewise so does the energy delivered to
the airstream.

U.S. Pat. No. 3,590,219 discloses an electric arc gas
heater in which the rear terminus of the arc attaches to
a tubular electrode while the front terminus attaches to
an upstream electrode along the divergent portion of
the nozzle. The throat of this heater is of constant di-
ameter and quite long, and the arc extends the entire
length of the throat. Due to the acceleration of the flow
through the throat, a substantial pressure gradient ex-
ists within it, that is the pressure at the upstream end of
the throat is substantially higher than the pressure at
the downstream end. Since it is known that the voltage
gradient (volts/inch) drops off in proportion to the
square root of the pressure (lbs./inch?), the voltage
gradient at the downstream end of the arc is substan-
tially less than the voltage gradient at the upstream end
and as a result considerably more power (volts X am-
peres) is delivered to the airstream in the upstream
portion of the throat.

SUMMARY OF THE INVENTION

One of the principal objects of the present invention
is to provide an electric arc heater having a nozzle
capable of discharging gases at supersonic velocities
and means for maintaining an arc upstream from the
nozzle. Another object is to provide an arc heater capa-
ble of discharging gases at extremely high enthalpies.
An additional object is to provide an arc heater in
which the arc is maintained in a region of relatively
high pressure so that a high voltage gradient exists
within this region and increased energy is transferred to
the air. A further object is to provide an arc heater

2

which permits fixed arc length operation at pressures in
excess of 100 atm.

. The present invention is embodied in an arc heater
having an injector unit provided with a chamber into
which pressurized gas is introduced. A rear tubular
electrode opens into the chamber and a constrictor
passage extends from it to a front tubular electrode.
Located downstream from the front tubular electrode
is a convergent-divergent nozzle. These and other ob-

10 jects and advantages will become apparent hereinafter.
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DESCRIPTION OF THE DRAWINGS

In the accompanying drawings which form part of the
specification and wherein like numerals and letters
refer to like parts wherever they occur:

FIG. 1 (FIGS. 1A and 1B) is a longitudinal sectional
view of a gas arc heater constructed in accordance with
and embodying the present invention;

FIG. 2 is a sectional view taken along lines 2—2 of
FIG. 1 and showing the primary gas injector nozzles of
the injector assembly;

FIG. 3 is a sectional view taken along lines 3—3 of
FIG. 1 and showing ports for injecting secondary gas;

FIG. 4 is a fragmentary end view of a typical flange of
an interelectrode segment; and

FIG. § is a sectional view taken along lines 5—5 of
FIG. 4.

DETAILED DESCRIPTION

Referring now to the drawings (FIG. 1), H designates
an arc heater which basically includes an upstream or
rear electrode assembly 2, a gas injector assembly 4, a
plurality of electrically isolated interelectrode seg-
ments 6, a downstream or front electrode assembly 8,
and a nozzle assembly 10, all arranged in that order
from the upstream or rear end of the heater H to the
downstream or front end.

The rear electrode assembly 2 (FIG. 1A) includes a
tubular electrode 12 which is preferably machined
from a high strength-high conductivity oxygen-free
copper or copper alloy. Its inside diameter may be 2.0
inches, in which case it shouid have a wall thickness of
0.1875 inches. The forward end of the electrode 12 is
flanged outwardly to form an entrance bellmouth 14.
Surrounding the tubular electrode 12 is a thin wall
sleeve 16, and the sleeve 16 is in turn encircled by a
tubular jacket 18 made preferably from stainless steel.
The forward end of the jacket 18 is enlarged and the
bellmouth 14 of the tubular electrode 12 threads into
this enlarged portion. The sleeve 16 is spaced out-
wardly from the outer surface of the electrode 12 about
0.060 inches so as to form an interior cooling channel
20, and the jacket 18 is spaced outwardly from the
sleeve 16 to form another cooling channel 22. The two
annular cooling channels 20 and 22 are in communica-
tion adjacent the back side of the bellmouth 14.

The major portion of the tubular jacket 18 is encased
in a primary insulator 24 (FIG. 1A) which is preferably
made from an epoxy resin laminate of N.E.M.A. grade
G-11 and should be capable of sustaining potentials of
25,000 volts with minimum current drainage. The pri-
mary insulator 24 flares outwardly at its forward end to
receive the outwardly flared portion of the jacket 18
and the bellmouth 14 of the electrode 12. The forward
ends of the jacket 18 and the primary insulator 24 are
protected by a heat shield 26 which is composed of a
flanged inner retaining ring 26a which is threaded over
the bellmouth 14 and an outer ring 26b which is cap-
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tured between the flange on the inner ring 264 and the
forward faces of the insulator 24 and jacket 18. More-
over, the outer ring 266 has a rearwardly projecting
tongue which is received in a groove formed in the
primary insulator 24. The inner ring 26a is formed from
copper, whereas the outer ring 266 is formed from
Lava which is a hydrous aluminum silicate having a
continuous operating temperature of 2,012° F. and a
thermal conductivity of 10 Btu/hr.-ft.2 ° F.fin.

The rear end of the tubular electrode 12 is contained
within a rear housing 30 (FIG. 1A) which threads over
the rear end of the tubular jacket 18. The housing 30
has four inlet ports 32 which lead to an annular cham-
ber 34 and the chamber 34 opens into the annular
cooling channel 20. The outer annular channel 22, on
the other hand, opens into an annular chamber 36 in
the rear housing 30 which also has outlet ports 38 in
communication with it. The inlet ports 32 are con-
nected with a source of cooling water, so that the water
flows into the annular chamber 34 and thence into the
annular channel 20, from which it is returned by way of

20

the annular channel 22, the anpular chamber 36 and -

the outlet port 38, in that order. The cooling water
should flow within the annular channel 20 at an aver-
age velocity of about 140 ft./sec. with the flow rate
being 200 gal./min.

The end of the rear housing 30 is closed by an end
cap 40 which is bolted to the housing 30 and is pro-
vided with power pin receptacles 42. The receptacles
42 are electrically connected with the tubular electrode
12 through the cap 40 and an annular block 44 inter-
posed between the cap 40 and the rear end of the elec-
trode 12. A suitable source of direct current is con-
nected to the pin receptacles 42.

The rear electrode 12 generally midway between its
ends is surrounded by a field coil 46 made from 3/16
inch o.d. copper tubing coated with a suitable insula-
tive material such as polyethylene and positioned be-
tween relatively thick iron discs. The coil 46 should
contain about 27 turns and should operate at 400 to
1000 amperes. The tubing, aside from being connected
across a suitable direct current source, is also con-
nected to a supply of cooling water so that the water
flows through it and cools the coil 46.

The gas injector assembly 4 receives the front end of
the rear electrode 12 (FIG. 14) and includes an injec-
tor housing 50 and an annular retainer plate 52 to
which the housing 50 is bolted. Both the housing 50
and plate 52 may be formed from stainless steel. The
plate 52 fits snugly over primary insulator 24 and holds
the housing 50 firmly in position with respect to the
upstream electrode assembly 2. The housing 50 con-
tains a liner 54 having a cylindrical portion which sur-
rounds the forward end of the rear electrode 12, being
spaced outwardly from the heat shield 26 thereon, and
beyond the end of the rear electrode 12 it has a conical
section which converges to a constrictor inlet tube 56
provided with flanges at both ends and having an inside
diameter of 1.5 inches, which is slightly less than that of
the electrode 12. The constrictor inlet tube 56 axially
aligns with the rear electrode 12 so that its entrance is
located directly ahead of the hollow interior of the rear
electrode 12 and the conical portion of the liner 54 is
located directly ahead of the bellmouth 14 and heat
shield 26 on the rear electrode 12. The liner §4 forms
a converging swirl chamber 58 ahead of the rear elec-
trode 12, whereas the inlet tube 56 forms the entrance
to a constrictor 60 which leads all the way from the
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swirl chamber 58 to the nozzle 10. The distance be-
tween the bellmouth 14 on the rear electrode 12 and
the entrance or rear end of the constrictor 60 may be
1.5 inches. The liner 54 is formed from a high strength
copper zirconium alloy such as Amzirc and the con-
strictor inlet tube 56 is formed from an oxygen-free
high thermal conductivity (OFHC) copper or a copper
alloy such as copper-zirconium.

Directly outwardly from the heat shield 26, the hous-
ing 50 is sealed against the exterior surface of the liner
and this portion of the block 50 is provided with a
plurality of primary gas inlet ports 62 which are con-
nected to a source of high pressure air maintained at
about 6,000 psi, and these ports open into an annular
chamber 64 surrounding the liner 54. The liner 54 in
this area is provided with gas injectors 66 (FIG. 2)
which are arranged in two circumferential rows or
planes spaced axially from each other. Moreover, the
injectors 66 are not radial, but are canted so that gas is
introduced into the chamber 58 generally tangentially.
The injectors 66 in one row are offset in the circumfer-
ential direction from the injectors 66 in the other row.

The housing 50 also contains two annular cooling
chambers 68 and 70 (FIG. 1A) with the former being at
the upstream end of the constrictor sleeve 56 and the
latter being at the rear end of the cylindrical portion on
the liner 54. The downstream annular chamber 68
opens into spaces between ribs 72 which are formed on
the housing 50 and support the liner 54 within the
housing 50. The opposite ends of these spaces commu-
nicate with the upstream chamber 68 through tubes 74
(FIG. 2) fitted into the cylindrical portion of the liner
54 and extended therein between the various gas injec-
tors 66. Water is supplied to the upstream chamber 68
through several inlet ports 76, and this water flows
along the conical section of the liner 54 through the
spaces between the ribs 72 and thence through the
cooling tubes 74 in the cylindrical portion of the liner
54 to the other annular cooling chamber, from which
the heated cooling water is discharged through outlet
ports 78. Due to the conical configuration of the flow
channels between the ribs 72, the cooling water pos-
sesses its greatest velocity immediately after leaving the
downstream chamber 68, and this is as it should be
because the entrance to the constrictor 60 is the region
of highest heating.

While the upstream end of the first constrictor tube
56 is fitted into and supported by the conical portion of
the liner 54, the downstream end is projected beyond
the injector housing 50 where it is provided with a
flange 79 which is received in a mounting ring 80 (FIG.
1A). The ring 80 in turn is threaded over an annular
mount 82 which is bolted against the front end of the
housing 50. The annular mount 82 surrounds and sup-
ports a split water flow guide 84 which is of annular
configuration and surrounds the outer surface of the
first constrictor tube 56, but is spaced outwardly there-
from a distance of 0.062 inches to create an annular
coolant channel 86 around the tube §6. The upstream
end of the channel 86 communicates with the annular
chamber 68 through tangential end slits 85 in the water
flow guide 84, while the downstream end communi-
cates through more slits 85 with a smaller annuiar
chamber 88 in the mounting ring 80. The chamber 88
is supplied with cooling water through ports 76 in the
injector housing $0. Thus, cooling water which enters
through the inlet ports 76 in the housing 50, in addition
to flowing along the liner 54, also flows through the
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annular channc! 86 to cool the constrictor tube 56 with
this cooling water being dlscharged through the outlet
‘ports 90.
The downstream flange 79 on thc cnd of the ﬁrst
constrictor tube 56 is provided with a shajlow recess or

gap 92 of cylindrical configuration and tangential ori-.

fices 94 which open into the gap 92, Moreover, the

outer surface of the downstream flange 79 is grooved.

so that the orifices 94 are all at the sante pressure. The
otifices 94 are supplied with secondary pressurized air
through ports (not shown) in the mounting ring 80.
This air enters the constrictor 60 in a swirl and tends to
sustain thc swirl generated by the primary gas in the
swirl chamber 58. The gap 92 is larger in diameter than
the bore of the tube 56, yet is coaxial therewith.

_The interelectrode segments 6 (FIGS. 1A and IB)
are interposed between the gas injector assembly 4 and
the nozzle 10 and each is identical in construction
although their length may vary. The first interelectrode
segment 6 includes a housing 96 having flanges at its
ends and the upstream flange is bolted securely against
the mounting ring 80.by bolts 98 (FIGS. 4 and 5) which
pass through the housing flange and thread into the ring
80. Interposed between the opposed faces of the rmg
80 and the rcar flange of the segment housing 96 is
insulator disc 100 made from a dielectric material such
as DELRIN plastic. Such discs should be at least 0.060
inches thick and capable of sustaining 5,000 volts with-
out significant current drainage or arc-over. The bolt
holes through the end flange on the scgment housing 96
are lined with insulator sleeves 102 (FIG. 5) made of
the same diclectric material and having the same thick-
ness. The sleeves 102 project through the discs 100 and
thread into the mounting ring 80. They receive not only
the shanks of the bolts 98, but also the heads, and
indeed the bolt heads arc completely contained within
the sleeves 102. The discs 100 and sleeves 102 com-
pletely isolate the injector housing 4 from the first
interelectrode segment 6 in an electrical sense so that a
large potential difference on the order of 5,000 volts
may be maintained betwcen the two without arc-over.

The segment housing 96 has.a central bore which
contains a water flow guide 104 made from a suitable
metal such as aluminum, and the water flow guide 104
in turn surrounds a tubular insert 106 which is prefer-
ably made from OFHC copper or zirconium alloy.
These cooled inserts can withstand extremely high
heating rates. The ends of the tubular insert 106 arc
flared outwardly with the upstream end forming an
upstream flange 108 which projects into the segment
gap 92 at the end of the constrictor inlet tube 56, the
projection being far cnough to shield the inner margin
of the insulator disc 100 from the arc radiation cmanat-
ing from the constrictor 60. The upstream flange 108 is
spaced from the surfaces of the preceding downstream
flange 79 so that air injected through the secondary
orifices 94 in the flange 79 can flow through that space
and join the flow of primary air through the constrictor
60. The downstream end of the insert 106 has a flange
110 identical to the flange 79 on the constrictor inlet
tube 56. Thus, the flange 110 likewise has a gap 92 and
orifices 94. The upstream flange 108 and downstream
flange 110 of the tubular insert 106 fit snugly into the
scgment housing 96 and this serves to position the
insert 106 radially within the housing 96 such that a
narrow water channel 112 (FIG. 1B) cxists between the
exterior surface of the tubular insert 106 and the inter-
jor surface of the water flow guide 104, At its ends the
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6

water flow guide 104 is provided with tangential slits
114 which provide communication between the water
channel 112 and annular water chambers 116 formed
in the segment housing 96. The upstream chamber 116
is supplied with water through an inlet port 118 in the
flange at that end of the segment housing 96, and water
introduced into the-port 118 flows through the up-
stream chamber 116 and tangential slits 114 to the
water channel 112 and thence along the channel 112,
leaving it through the downstream slits 114, the down-
stream chamber 116, and outlet ports 120 opcning for
that chamber 116. The outlet ports 120 extend radially
through the downstream flange on the scgment housing
96.

The downstream flange on the segment housing 96 is
further provided with a secondary air inlet port 122
(FIG. 3) which leads to the annular groove in the flange
110 on the downstream e¢nd of the tubular insert 106 so
that air which flows into the port 122 and groove will
be discharged generally tangentially into the constric-
tor 60 through the orifices 94 in the flange 110, just as
the air which flows into the secondary air port of the
mounting ring 80 on the injector housing 56 flows into
the constrictor 60 further upstream. The swirl gener-
ated by this secondary air is the same dircction as the
swirl generated in the swirl chamber 58 and tends to
sustain that swirl.

Each subsequent interelectrode scgment 6 is bolted
against the segment 6 which precedes it in the same
manner as the first is bolted against the mounting ring
80 of the gas injector 4 (FIG. 1B). Hence, the upstream
flanges 108 on the tubular inserts 106 project into the
scgment gaps 110 on the preceding inscrts 106 with a
slight spacing existing between them for the passage of
the air injccted through the orifices 94 in the flanges
110 of the preceding inserts 106, Since the orifices 94
are oriented tangentially, the secondary air enters cach
subsequent tubular insert 106 with a swirling effect.

The front or downstream clectrode assembly 8 (FIG.
1B) is secured firmly to the endmost interelectrode
segment 6, and it includes a stainless stcel clectrode
housing 124 composed of a pair of cnd rings 126
threaded over the end of a slceve 128 and front and
rear end blocks 130 and 132 abutted against the rings
126. The rear.cnd block 130 is clamped against the
flange on the housing 96 of the endmost interclectrode
scgment 6 with an insulator disc 100 interposed be-
tween that flange and the block 132, the clamping
being cffected by bolts 134 which extend through the
rcar cnd ring 126, the rcar block 132, the insulator disc
100 and thread into the flange of the endmost housing
96. The portions of the bolts 134 located within the
housing 124 and the insulator disc 100 arc contained
within the insulator slceves 102. The endmost insulator
disc 100 and sleeves 102 serve to electrically isolate the
front electrode asscmbly 8 from the adjacent interelec-
trode segment 6 and prevent arc-over between the two.

The electrode housing 124 contains a water flow
guidc 136 (FIG. 1B) which is made from a suitable
mectal such as aluminum and extended through the
guide 136 is a front tubular clectrode 138 which is
preferably made fromi OFHC copper or a copper alloy.
The inside diameter of the clectrode 138 can be the
same as that of the constrictor inlet tube 56 in the
injector asscmbly and the tubular inscrts 106 of the
interelectrode segments 6 or it can be larger. The pre-
ferred diameter is greater to insure proper arc attach-
ment. The wall thickness of the front clectrode 138 is



3,953,705

0.10 inches. The electrode 138 has an upstream flange
108 projecting into the end tubular insert 106 such that
a slight gap 92 exists between the ends of the insert 106
and the tubular electrode 138 to permit secondary air
from the last air inlet port 112 to flow in a swirl pattern
into the interior of the tubular electrode 138. The
flanged ends of the electrode 138 fit snugly into end
blocks 130 and 132 and are thus radially positioned
such that inside surfaces of the split ring 104 is posi-
tioned outwardly from the outside surface of the tubu-
lar electrode 138 and an annular water channel 139 is
formed between those surfaces. The channel 139
should pass cooling water at a flow velocity of at least
110 ft./sec.

The ends of the liner 136 are provided with tangen-
tial slits 140.which are located at the annular chambers
142 in the front and rear end blocks 130 and 132 of the
electrode housing 124. The rear end block 132 has an
inlet port 144 which opens into the annular chamber
142 therein so that water introduced into the port 144
flows from the chamber 142 through the slits 140 and
into the annular channel 139. The water leaves the

20

channel 139 through the slits 140 at the opposite end of .

the liner 136 and thereafter flows into the other annu-
lar chamber 132 and thence out an outlet port 146,

Surrounding the sleeve 128 of the electrode housing
124 is an insulator 148 which is clamped in position
between the end rings 126. The insulator 148 supports
a front coil 150 which is similar in construction to the
rear coil 46, only 30 turns of 5/16 inch diameter are
employed.

The nozzle assembly 10 (FIG. 1B) includes a housing
152 which is bolted firmly against the front end ring
126 of the front electrode housing 124. The nozzle
housing 152 contains a convergent-divergent nozzle
154 which is preferably made from a copper-zirconium
alloy such as Amzirc. The nozzle 154 is positioned at
the end of the constrictor 60 and is axially aligned
therewith. Being of the convergent-divergent variety,
the nozzle 154 accelerates the flow of air to the sonic
velocity within the throat 156 thereof, which is smaller
in diameter than the constrictor 60, and within the
divergent portion beyond the throat 156 the air is ac-
celerated still further to supersonic values which may
range as high as Mach 3.2, depending on the exact
configuration of the nozzle 154. The wall thickness of
the nozzle 154 at its throat 156 should be 0.0625 inches
and substantially the entire nozzle 154 is surrounded by
a water channel 158 fed through an inlet port 160 and
discharged through outlet ports 162, both of which are
in the housing 156. The velocity of the water within the
channel may reach as high as 250 ft./sec. and even at
that velocity nucleate boiling heat transfer is required
to dissipate the heat. :

To prevent leakage of gas and cooling water, O-ring
seals 164 (FIGS. 1A and 1B) are installed between the
parts. At high temperature locations (above 250° F.)
silicone O-rings should be used for seals 164, whereas
at lower temperatures (below 250° F.) BUNA-N O-
rings will suffice.

OPERATION

The arc heater H is mounted firmly on a concrete
base with its nozzle 154 opening into the end of a duct
(not shown) in which a test specimen or configuration
is positioned.

To initiate operation of the heater H, the high pres-
sure cooling water is first circulated through the device
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so that-once the arc is established in the constrictor
passage 60 the water will dissipate enough heat to pre-
vent the heater from being destroyed. In particular,
high pressure cooling water is supplied to the inlet ports
32 of the rear electrode assembly 2 and this water
passes through the concentric channels 20 and 22 and
cools the rear electrode 12. More pressurized water is
supplied to the inlet ports 76 of the injector housing 50,
and this water flows along the liner §4 between the ribs
72 and thence through the cooling tubes 76 to the
outlet port 78. The water supplied through the inlet
ports 76 also flows in the opposite direction through
annular channels 86, thus cooling the constrictor inlet
tube 56. The several interelectrode segments 6 are
cooled by water supplied through their inlet ports 118,
and this water flows along the tubular insert 106
thereof, cooling the same. Still more high pressure
water is supplied to the inlet ports 144 of the front
electrode assembly 8, and this water flows through the
channels 139 and cools the tubular electrode 138. Fi-
nally, the nozzle assembly 10, which is the hottest por-
tion of the entire heater H is cooled by water supplied
through its inlet port 160, and this water flows at very
high velocity through the water channel 158 which
surrounds convergent-divergent nozzle 154. Notwith-
standing the high velocity, nucleate boiling heat trans-
fer is necessary in order to dissipate the heat from the
nozzle 154. The watér flow through each of the annular
channels is adjusted by controlling the back pressure
beyond the respective outlet ports. More cooling water
passes through the tubes of the front and rear field coils
46 and 150 to cool them. These coils 46 and 150 are
further placed across a suitable D.C. potential which as
adjusted to provide the desired current flow through
them. ’ :

Once the flow of cooling water is established and the
field coils 46 and 150 are energized, argon gas is sup-
plied to the gas inlet ports 62 of the injector housing 50
at relatively low pressure, and this gas flows into the
swirl chamber 58 through the gas injectors 66. The
inert gas fills the rear tubular electrode 12 and likewise
flows downstream through the. constrictor 60, front
electrode 138, and nozzle 154. Since the argon flow
rate is low and-not arc-heated, little pressure build-up
occurs in the constrictor passage 60 and the velocity of
the gas in the throat 156 of the nozzle is subsonic.

Once the flow of argon is established, a D.c. potential
of about 20,000 volts is placed across two tubular elec-
trodes 12 and 138. In this regard, it is generally desir-
able to have the rear electrode 12 serve as the anode
with the electrical energy source being connected to
the pin receptacle 42. The front electrode 138 is
grounded. The potential difference is increased until a
breakdown in the form of a short arc occurs between
the retainer ring 264 of the heat shield 26 and the liner
54. This breakdown is sensed as a flow of current
through the rear electrode 12.

At the instant spark breakdown occurs, high pressure
air is supplied to the gas inlet ports 62 of the injector
assembly 4 and more air is supplied to the secondary air
inlet ports 122 of the interelectrode segments 6, but at
lower pressure. The-air may be supplied through a fast
acting valve responsive to the flow of current in the
leads to the rear electrode 12, In any event, once the
flow of air is established, the supply of argon is cut off
so that only air flows into the arc heater H.

The air which flows into gas inlet ports 62 flows into
the annular chamber 64 from which it is discharged
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into the swirl chamber 58 through the injectors 66.
Since the injectors 66 are oriented generaly tangen-
tially, the air swirls through the chamber 58 and into
the constrictor 60 where the swirling is maintained.
Since the rear electrode 12 possesses a greater interior
diameter than the constrictor passage, some of the high
pressure air from the swirl chamber 58 is diverted into
the rear electrode. The flow of air through the swirl
chamber S8 and into the rear electrode 12 causes the
rear terminus of the arc to move off of the heat shield
retainer ring 25q and into the interior of the rear elec-
trode 12, whereas the flow of a much greater quantity
into the constrictor passage 60 causes the front termi-
nus to move downstream through the passage 60 and
attach to the interior of the front electrode 138.

The air supplied to the secondary inlet ports 95 and
122 of the injector assembly 4 and interelectrode seg-
ments 6, respectively, is injected tangentially into the
constrictor passage 60 through the orifices 94, and this
air tends to maintain the swirl through the constrictor
60. It also reduces the tendency to arc over between
interelectrode segments 6 or between the front elec-
trode assembly 8 and the forwardmost interelectrode
segment 6 inasmuch as it reduces the number of charge
carriers in these regions which are the regions where
arc-over is most likely to occur.

The swirling path of air through the swirl chamber 58
and the constrictor 60 confines the arc to the center
regions of those tubes. The swirling air envelopes the
arc and prevents it from touching the tubes 56 and
tubular inserts 106.

The swirling air stays well below sonic velocity in the
swirl chamber 58 and the constrictor passage 60, being
usually around Mach 0.05. The gas is at a relatively
high pressure on the order of 1500 psig or greater.
Moreover, the pressure through the constrictor passage
60 remains relatively constant and as a result large
potentials are required to maintain the arc through the
constrictor passage 60. Since the voltage gradient is
proportional to the square root of the pressure the total
power input is increased by maintaining a long high
“pressure arc. The increased power input increases the
net energy transferred to the air, and consequently
when it reaches the nozzle 154 the air has an extremely
high enthalpy.

The coils 46 and 150 rotate the arc terminal so that
excessive errosion does not occur. They also tend to
stabilize the ends of the arc in the axial direction to
avoid excessive axial movement with the consequent
fluctuations in energy transferred to the air. Also, the
front coil 150 prevents the arc from passing into the
nozzle 154. .

Within the throat 156 of the nozzle 154, the air-
stream reaches the sonic velocity, and in the divergent
portion beyond the throat 156 the airstream is acceler-
ated to supersonic velocities. The test specimen is lo-
cated beyond the nozzle 154 where the heated super-
sonic airstream impinges against it.

This invention is intended to cover all changes and
modifications of the example of the invention herein
chosen for purposes of the disclosure which do not
constitute departures from the spirit and scope of the
invention.

What is claimed is:

1. An arc gas heater comprising: an injector unit
having an enlarged chamber of circular cross section
therein and means for injecting primary gas into the
chamber at the periphery thereof; a tubular rear elec-
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trode attached to the injector unit and projecting rear-
wardly therefrom with the hollow interior of the elec-
trode opening into the chamber, the diameter of the
electrode being substantially less than the diameter of
the chamber; a dielectric element located between the
rear electrode and the injector unit to electrically iso-
late the rear electrode for the injector unit; a plurality
of interelectrode segments arranged one after the other
and projecting forwardly from the injector unit, the
interelectrode segments having hollow interiors which
define a constrictor passage which communicate with
the chamber and axially aligns with the tubular rear
electrode, the diameter of the constrictor passage being
substantially less than the diameter of the chamber in
the injector unit and also substantially less than the
length of each interelectrode segment, the diameter of
the constrictor passage further being substantially con-
stant throughout its length so that gas will flow through
the constrictor passage at a relatively high and substan-
tially constant pressure; a front electrode attached to
the forwardmost interelectrode segment and having a
hollow interior which aligns with the constrictor pas-
sage, the hollow interior of the front electrode being
substantially the same diameter as the constrictor pas-
sage so as to form a continuation of the constrictor
passage; a nozzle located at the forward end of the
tubular front electrode and having a throat which is
axially aligned with the constrictor passage, the throat
having a diameter which is substantially less than that
of the constrictor passage so that the gas may acceler-
ate to the sonic velocity within the throat; dielectric
discs located between adjacent interelectrode segments
and between the rearmost segment and the injector
unit and the forwardmost segment and the front elec-
trode so that the interelectrode segments are electri-
cally isolated from one another as well as from the
injector unit and the front electrode, means for intro-
ducing secondary gas into the constrictor passage from
the periphery thereof generally in the regions where
adjacent interelectrode segments are contiguous,
whereby a potential placed across the two electrodes
will cause an arc to extend through the constrictor
passage with the termini of the arc being at the elec-
trodes and the arc will transfer energy to the high pres-
sure gas in the constrictor passage, imparting high en-
thalpy to that gas before it is accelerated to the sonic
velocity in the throat.

2. An arc heater according to claim 1 wherein the gas
injector unit includes a housing having ribs on its inside
face, a liner located in the housing against the ribs
therein, the liner defining the chamber, and means for
directing cooling water into the spaces between the ribs
for cooling the liner.

3. An arc heater according to claim 1 wherein the
injector unit includes a housing and a liner within the
housing with the liner defining the chamber, and
wherein the means for injecting gas into the chamber
includes injectors in the liner, an annular chamber
within the housing surrounding the rear ends of the
injectors, and at least one port in the housing and lead-

. ing to the annular chamber.

4. An arc heater according to claim 3 wherein the
injectors are arranged in two circumferential rows
which are spaced axially from each other.

§. An arc heater according to claim 1 and further
comprising electrical insulative primary insulator
sleeve means surrounding the rear electrode and a heat
shield at the front end of the electrical insulative sleeve
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means and exposed to the chamber, the heat shield
being radially retained on the sleeve means and axially
retained on the rear electrode, whereby disintegration
from cracking is prevented. ‘

6. An arc heater according to claim 1 wherein the
rear electrode is surrounded by an electrical insulative
primary insulator sleeve; wherein a thermal insulative
material is mounted on a metal retaining ring which is
fastened to the forward end of the rear electrode and
retains the thermal insulative material in both radial
and axial directions; and wherein the thermal insulative
material includes an axial projection which extends
into the electrical insulative sleeve for further retaining
the thermal insulative material in the radial direction.

7. An arc heater according to claim 1 and further
including a field coil encircling the front electrode for
stabilizing the front terminus of the arc in the axial
direction.
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8. An arc gas heater according to claim 1 wherein
each interelectrode segment has a tubular insert
through which the constrictor passage extends and a
cooling channel which surrounds the insert to dissipate
heat therefrom; and wherein the injector unit has a
constrictor tube which leads from the chamber and
forms the beginning of the constrictor passage, the
injector unit further having a cooling channel which
surrounds the constrictor tube to dissipate heat there-
from.

9. An arc heater according to claim 8 wherein the
constrictor tube and the tubular inserts have at their
downstream ends flanges provided with sockets which
receive the upstream ends of the adjacent tubular in-
serts, and wherein the flanges have orifices extending
through them for supplying the secondary gas to the

spaces at the ends of the inserts.
* * * * *



